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(54) Plasma etching method 

(57) A contact hole is formed in an SiOa film on a sil- 
icon wafer (W) by a plasma etching, using a photoresist 
as a mask. A process gas is a mixture of an etching gas 
of HFPO and a carrier gas of Ar at a volume ratio of from 
1 : 17.5 to 1 : 20. TjTe.proc^gas isjedjnt o a process 
chamber (3) which houses the silicon wafer and is set at 
a pressure of from 10 mTorr to 100 mTorr. The process 
gas is turned into plasma by electric discharge, and the 
SiOa f ilm is subjected to etching with the plasma. During 
the etching, the target surface of the wafer Is kept at a 
temperature of from 50'C to 100*C. The etching gas of 



HFPO is represented by a structural formula as follows: 



- c - c - c - 

F O 



< 

CM 
CO 

o 

CD 

o 
a. 

LU 




Printed by Rank X>r<B (UK) Bu3H»« SanrtcBO 



EP 0 776 032 A2 



10 



IS 



20 



25 



30 



35 



Description 

The present invention relates to a method of plasna-etoNng a taroet iayer comprising siHcon oxide, and a process 
i;^^ in in«T«"^1^ the degree of infestation level of semiconductor devices, such techniques as can etch a target 

P^r^Lmole in these davs it is necessary to form a contact hole having a diameter oi 0.3 jim and a high aspect 

«eSnst^!^suchCpL'n^ of a high density is generated in a process chamber, thereby ensur.ng a h,gh etching 
V«« h««l on CxFv are aenerally used as an etching gas for plasma-etching a silicon-oxide-based l^er. such 

^e^een C ^rptan etching gas deviated from an optimum value, the etching rafo may be deaeased, or the etch- 

'•^ -^ire oTg^^^ grer^ru^r'^r^^^^^ 

^H^on oftSe L ^ a r^uir^owTms are apt to occur such that fluorine^ontained radicals are produced exces- 

Ts -Tder- a tlV^^^l ^aC fx.e when forming me contact hole P™f- -"J',^ tS"^ 

--cd . wh^ gas dis^iation 

Whing gas represented by a structural formula as fallows: 



40 



45 



F F F 

F_C-C-C-F 

t \ / 
F 0 



steps of: 

loading a substrate having a first layer in a process chamber; 
feeding a process gas into the process chamber; 
55 turning the process gas into plasma by causing electric discharge; arwl 
etching the first layer, using the plasma; 

wherein thefirst layer conprises silicon oxide, and the process gas indudes the etching gas according to the first 
aspect. 
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etching gas represented by a structural formula as follows: 
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steps of: 



loading a substrate having a first layer in a process chamber: 
20 feeding a process gas into the process chamber; 

turning the process gas into plasma by causing electric discharge; and 
etching the first layer, using the plasma; 
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wherein me lirsl layer comprises silicon oxide, and the process gas includes the etching gas according to the 
third aspect i^ontinn are easilv controlled over their dissociation under a relatively 

'^^K::iJe°"J^"uS;;;.- from the «l<^^ 
the acconpanying drawings, in which: 

FIQ lis an explanatory cross sec«onal view showing an etching apparatus to be used for perfonning a plasma 

;rrarrgs:^c^.^^rrn^ 

p'in is" ^eniarged cross sectional view showing a stale where a contact hole is formed in a silicon oxide film on 
a wafer bv etchina with CaFo Which is conventionally used; and „„:^„«ir««r, 
TO 4 te an™ ed croi sectional ^ew showing a state where a contact hole is formed ,n a s-licon ox,de Mm on 
a wafer by etching whh HFA or HFPO according to the present invention. 

FIG 1 is an explanatory cross secfional view showing an etching apparatus 1 to be used for performing aplascja. 

"^"^efu^Tofe is ■^-H . n. .luminum having an oxidized surface. Te mperature adiusHng mearis is arranged in *e 
sus.^ff ^^. ma^er 6 placed on me susceptor 6 can be Kept a t a predetermined tempera^re. for «ampte, 
htS^ratt^e ^liusting mea,4 is formed of heating means (not shown). e.g.. a ceramic heater, and a coolant circu- 
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i=.«on Mssaoe (not shovvn) tor circulating a coolant to and from an outside coolant source (not shown). The temperaUire 
'XJ^^XTlSXcon^roZ by a ten,pemtu,e sensor (not sho«n) and a temperature control mechan,sm 

^""^ Ill'^static ctiuck 1 1 is disposed on the susceptor 6. for attracting and holding the wafer W As shown in FIG. 
2 thfefe^S c^u^H io "Suiuted such that a conduc«ve thin film 12 is interposed by poly,m,de ser.es res,n 
lli'ms if l^^a ^tege <rf e g.. from 1.5 kV to 2 kV is applied to the thin film 12 from a high DC power supply 14 d,s- 
preJ oXe me pJ^ss Chamber 3. me wafer W is attracted and held on the top suriace of the electrostatc chuck 

' ' S'<::r F!S%TpSy'S;^s 20. such a^ .hree pns. are arranged in the susceptor 6 as support 
mea^ f^rn^e^i^ ttie water Jand from the electrostatic chu«^ .1 . The lifter pins 20 can l,ft up the wafer W from 
ihooiorirostaiic chuck 11 by moving in a vertical direction relative to the susceptor 6. 

t,tn« Sius n*g 2lS ^ essentially circular shape in its plan view is disposed on the penphery o^ the sus- 
cept^e so as t^sirund the electrostatic chuck 1 1 . The inner focus ring 21 is made of a conduct^e mate"aKsuch as 
s^gle ^st^Le silicon, so as to cause plasma to expand beyond the wafer W. and to allow ,ons ,n the plasma to be 

^"^t^u.lfi^^^'s rn^SlTg ^n essentially Circular shape in iU ^ 

21 -me oultr^us ring 22 is made of an insulating material, such as quartz, and its outer upper edge .s formed to have 
Tcu^^ ^ie ^S outward so as to ^low gases to bo smoothly exhausted without ^'=9"^*°"- 
ri,^2fc^^4trwith a Shield ring 53 descrbed later, so as to suppress diffusion of plasma generated between *e 

"Tba;: %e ^n^d^intan iSSr^l. ^ arranged around me susceptor 6. The inner portion of me 
baffle plat 23 is f^ed to me suscepta 6 by means of, e.g., boKs^ mrough a J^'^^^^^^ 
result me baffle plate 23 is moved in a vertical direction along wim me susceptor s. A number of through holes 23a are 

'"^A^^ho'::?"? m^af'^n mender 33 has a hollow structure in which two levels °',ba«,e plat^ 35 are 
arra^e^TJ-e l<«-e side. Each of the two levels of baffle plates 35 is provided with a number of *«"S'°"^°'fl^! J' 
^^iS fte u^^Wes 35a do not overlap me lower holes 35a. Agas inlet 36 is formed at the =^enter of *e d,ffus«n 
^mi^ 33, Xs connected to a gas feed pipe 38 mrough a va^e 37. Gas suPP V sourc^ « and ^ are ^nnj^ 
to me gas feed pipe 38 mrough respective valves 39 and 40, and respective mass flow controllers 41 and 42 for ad.ust 

gas according «.i._^mhnriim.nt. i.e.. HFA or HFPO ._ can be fed from the gas suppl ygge^O" 
the_^SS^j5.aSESii^I^9.argoa(Ar).or^ 

-'^^S^;^gas supply sources 43 arxl 44 are inuoduced into me processfield 2 through the 9as fe«l pipe 
38, iire.3trndd».ulnholer35a Of mediffusion member 33.Aco^^^ 

-r^^;r:;^^.trgrj^^r^^^^ 

"'"l^rSS^^S^Sl'^^t and in Close contact with mebotto^ 

«.=c«torT^e^r ele*ode 51 te made of single crystalline sSicon. which is conductive, and electrically commu- 
~^tS^ tTe c^.^ p,a*^ ^e cooling ^ate % is Lched to the per^hery of the bottom surface <> me co^ns 
p S mC™^ bolte (not shown). A number of spouting holes 51 a are formed in the "PPe;a'«f«'« 51 and com- 
'n!^n <Se^wSXspolg holes 50a o, me cooling plate 50. A. a r^u« sas^ - me Jjafflo^^^ S are un. 
tormly spouted toward ttie wafer W placed on the electrostafcc chuck 1 1 through the spouting holes SOa and si a o. me 

Sill? rln^^di^^ me per^hery of me bottom surface of the upper ^ectrode 51 so as to cover the 
aboTdi^^e^T^fg ^t^ot shown), ^le shieW ring 53 is made of quarU w;;'-^^™ jj'*^"?' X^'^ZT:^- 
the outer focus ring 22 so as to form a gap narrower than ttiat between the electrostatic diuck 1 and the "PP^' 
l^e 51. tt,Te^^ suppressing diffusio^ of plasma. An insulating ring 54 made offluonne senes resm ,s disposed 
between Uie upper end of me shield ring 53 and the ceiling wall of me process chamber 3. 

A p?e^* sensor 55 is attached on a skle of me process chamber for detecting the P^^^f^"^,*^,^^^ 
ess chanter 3. A detected signal of me vacuum pressure detected by me sensor 55 « inputted ,n a controller 
described later so ttiat the vacuum pressure in the process chamber 3 is monitored all the time. 
^ pipe 62 is conn^ed to me lower part of the process chamber 3 and commun^ates wrth vacuum 
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exhausting means 61. such as a vacuum pump. The process field 2 can bo vacuum-exhausted down to a predeter- 
^^^[TrHleiilre of. e.o.. from 10 mTorr to 100 mTorr, by the vacuum exhausting means 6, through the baffle 
Plate 23 disposed around the susceptor 6. -r^ ^ ^ 

The radio freauency im power supply system of the etching apparatus is constituted as follows: The susceptor 6 
used^s ^eToIt? is^ied wiih an RF power having a frequency of about several hundred kHz. such as 

M^k^ fr^rn^n RF^ supp^ through a matching circuit 64. On the other harvl. the upper elecfrode ,s supplied 
!^m^RF p^r ha^t fr«ruency higher than that of the RF power supply 63 and equal to or h^he^ than 1 MHz 
rt^Ts27.?^Hz.fromanRFpower supply 66 throughamatching Circuit 65. and the coohngmem^ 

"'^^ A^d lock chamber 72 is arranged adjacent to one side of the process chamber through a gate vaKre ^^^^ Transfer 
means 73. such as a transfer arm. is aronged in the load lock chamber 72. for transferring the target substrate or wafer 

"*°lnterX~;a«;;:g^r^^^^^^ 

the h^h DC 14, the lifter pTns 20 arranged In the suscept« 6. the valves 39 and 40. ttie rrass .low con- 

^;,1lef41 a,^2 t^^Lum exhausting means 61, and the RF power supplies 63 and 66 are controlled by the con- 

'""'Xi^txplanation will be given in relation to a method of etching an oxide fDm or SiOj f nm on a silicon wafer W, under 
contrd omTSnuoller 74 in the etching apparatus according to the embodiment of the present invention, which has 

■^r*fg^nv?7l^''iened, arxf the wafer W is loaded into the,gr«es«bi^by the trarjer means 
73 « twfime §fe s^c^or 6 h^ been lowered at its lower position, and the lifter pins 20 are in a warting s^ate where 
*ey pSe^Tram meTe<Ltatic chuck 1 1 so as to receive the wafer W. Then, the wafer Wload«J into the proce^ 
ch^er 3 by L transfer means 73 transferred onto the lifter pins 20 prnjecSng ^^T^^^ZTy"^^^ ' 
Se wafer W fe handed onto the lifter pins 20. the transfer means 73 is retreated and the gate v^ve 71 is dosed 

W^n«ie truster opemtion of the wafer W to the lifter pins 20 is completed, the susceptor 6 is moved "P to a pre- 
deten^^X'«^spJtfonwherethe gap between the upper dectrod 

to Ztolo ^ m^chronism with tNs movement, the lifter pins 20 supporting the ^ ^'^'^if^f ""^er 
suJ^o^ 6 By doing «). as shown in FIG. 2. the wafer W Is mounted on the electrostatic chuck 11^ Then, a pr«leter- 
mi^^ p^er^ i^Ted to Ihe conductive thin film 12 of the electrostatic chuck 1 1 from the high DC power supply 14. 
cn that thp wafer W is attracted and held on the electrostatic chuck 11, * ^ t.- ~ 

r ^fn t^p^ei *^1r 3 is supplied with a process gas necessary for e.*ing. wtiich is « ^=^9 
/ nas and ^ carrier aas fed from the gas supply sources 43 and 44 at predetermined flow rates, while the process cham- 
' fer 3^vac"ur;^?u^edT.he '-^ • <^'^ P™=^ ^ 

^^^trr^e=rt;re:Sn?gr.^^AorHFPOandthec3.er^ 
th» volume ratio between the etching gas and the carrier gas in the process gas. is set to fall in a range o from 1 . 1 0 
to 1 30^ prS oif^ 1 : 17 5 to t : 20. With this ratio, it is possible to obtain an excellent etching property j 

^"""^n'^a^'pF p"a«er having a frequency of 27. 12 MHz and a power of. e.g.. 2 kW applied to the upper electrode 
51 l^m t;,e RF P^eT^^^ 66.^ tha( the process gas is turned into plasma due to ^^'l^l^^^^^^ 
betwTn ihe upper elecWd^ 51 ard the susceptor 6. At the same time, an RF power having a frequency of 800 kHz 
and a Dovrer of e.g.. 1 kW is appBed to the susceptor 6 from the RF power supply 64. „,.^„^ 
^^Tprac^ gas is turrS into plasoa due to elecWc discharge, the process gas is di^ociated in ^^P'<^ 
fiekf^ aL to^Xe etchant ions as activated species. The etchant Ions are further dissoaa^ed ^ as to produce art- 
v^ed sp1<Jes having smaller mCecular weights, while they are attracted «f "P*!' f^'f ""^^^^ '^^ 

ma> inddent speeds by the RF power having a relatively low frequency and applied to the susceptor 6 ^(^1 Irn 
on me ^eTw etch^ by mea^ns^of the physical acCon arxi the chemical action oHhe activated ^eces. Ounng the 
etching, the target suilace of the wafer is kept at a temperature of from SO'C to 100 C. si,i<.on.oxid6--\ 
' As shown later HFA and HFPO according to the present invention can present an etching rate of a silicon-oxide 
bas^lavn.*h ^ an SiO, film, higher than that presented by C.F^. Further. HFA and HFPO can present a sufl- 
r^?yl:?^e^r^sre.^o°^ra«oo.^.st layer based on sil„=ono.de^s 

of anoth«; material, such as SiN. Si. WSi. TiSi. Al. TIN. W. photoresist or the like. Therefore. HFA and HFPO can be 
■reed for a selective etchino in which the first layer is etched in preference to the second layer. _^„^ 

Of HPA and HFPO is that progress j^^l^,^'^-:^^^^^ 
as compared to C4F8. Ck)ntrollinQ the progress of their dissociation .s important ^^l^^^f^^'^^J^'^^^^ 
and more important tor a high etching selection ration to be obtained. Upon appl.caton erf an RF pc^er to HFA and 
HFPO. theyare dissociated by electric discharge so as to produce activated speaes. such as C^F^. CF3. CF^. CF. and 

For example, assume that a first layer based on silicon oxide, such as an SiO^ film, is etched in preference to a sec- 
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ond laver of another material containing Si, such as SiN. Si. WSi. or T.Si. In the radicals generated by dissodation of 
HFA or HFPameir reaction with Si ^ promoted with an increase in content of F to decrease Jhe etching o^'ecton ratio 
rth«i^rtav^/iha second laver) More specifically. C^t exhibits a relatively high etching selection rato. while CF^ F 

second layer), the CoFa contem must be increased. 

^e density mBo of C,FVCF3 is not less than 1 in the initial stage of dissociation of HFA or HFPO, but then 
becomeslisln 1 fmm a piint of time when the dissodaBon makes progress to a certain extent, therefore 
Sd^e? use HFA or HFPO and set the density ratio of C^F^CFa not to be less than 1 . progress of the dissociation 
HFA or HFPO should be accurately controlled. * 
smiley, H has also been found L the densHy ratio of C^FVCF, should be not less than 1 . ,n a case v*ere a 
layer based on silicon oxide, such as SiO^ film. Is etched in preference to a second layer of. e.g.. Al. TiN. photoresist 

^ Prwlis of the dissociation of HFA and HFPO can be controlled by adjusting their discharge duration. In other 
wo Js where a plasma etcNng is perfomied while a process gas containing HFA or HFPO is caused to flow ,n a fj^oc- 
:Sle^ me discharge duration of each part of the p^cess gas is adiusted With m,s °P«-*°"'f '^^P°-",^,^° ^«^'" 
Tn optimum etching rate and etching selection ratio for etching a silicon-oxrie-based lay«, such as an SiO^ (lUn. 

Wherrthe RF power on the upper electrode 51 side is continuously applied, the discharge duration can be defined 
as a^dtTce "me^«ch part dthe process gas in the process field 2. On the other hand, wh^e the "F power on 
f "upTer J^rc^e 51 side is applied in pulsation, and the discharge duration is defined as a sum of pulse widths wrthin 
10 a residence time of each part of the process gas in the process chamber 3. eouatlon- 
The residence time of each part of the process gas is represented by a simple equation, 
residrn^e ime fciac ty of process ch^er 3 x pressure .supply rate of process ga^ More «P«°'^I V. 
d^^io^mefe detuned by the capacity of the process chamber 3. the supply rate of the process gas. the exhaust 
a^nJSme tZZ^ the p«,ceSp^ure. The controller 74 is set based on these paramete,. to control the supply 
rateoftheorocessgas. the exhaust rate, pulse widths of the RF power, and the like. 

' ^S-SS. according to the enfcodiment. HFA or HFPO is used as an etching gas for a sil«on-ox.de-ba^ 
layer JJbTattaining a high etching rate. In addition, when a contact hole is formal ''1' ^'rnFA or HFP^^ 
rX higher Ln that of a com/enBonal method can be presented. Furthermore, when the etching gas o^ HFA or HFPO 
[f!is«aphotoresist. it IS possible to providea preferaWe etching property without a "sloping shoulder of acontact 

^"""'^As shown in FIG 3 when C^Fj. a conventionally representative etching gas. Is used for etching an SiO^ film '<> to™ 
a co^?S *e^ge of an opening 82 formed in a photoresist 81 is cut out, as indicated ^th portions M sunounded 
^ bSlTes in FIG 3. As a^esult even H the etching selecUon ratio of the SiO, to th« photoresist can be set at a 
high value, the CD loss obtained in practice is large, thereby lowering the real etching selecbonratia 

In con^ast. as shown In FIG. 4, when HFA cr HFPO according to the present invention is used, an « P™P«rty 
is proiiT^su* that the edge of an opening 84 formed in a photores^ 83 is not cut out. As 
seL^on ratio of the SiO, to the photoresist, presemed by HFA and HFPO, « nominally e^^^^ 
sented by C4F8. the CD loss obtained In practice is small, thereby maintaining the real etching selection ratio at a high 

« *''"^e ftow rate ratio between the etching gas of HFA or HFPO and the carrier gas of an i^ctve 9f^^"=»; ^ - 
the volume ratio between the etching gas and the carrier gas In the process gas. is se to fall in a ™"3e °"™"'J^^ 
to 1T30 and preferably of from 1 : 17.5 to 1 : 20. With this ratio, it is possible to obtain an excellent etching properly 
with less deposition. 

45 [Experiments] 

(AR1. and CD losses (CDL) obtained in the experiments. In the CD losses shown in Table ^ • ^V^^''' O J^™.'^" 
c^e where no "sloping shoulder" was observed, whae symbol "a " denotes a case where a sloping shoulder was 

"^'-I^^hown in Table t , HFA and HFPO presented arc etching rate and an aspect r«Uo higher than •^'^e P;-«^^ 
by C.Fe. and provided an excellent etching property without a "sloping shoulder-. On the omer hand "FA and HFPO 
pLtit^ an etching selection ratio of the SiO^ to the photoresist nominally lower ''^'^'^T^^lntl^MTr 
ever as described ^ve. since HFA and HFPO provided an excellent etching property without a sloping shoulder . 
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they presented a real etching selection ratio equal to or rtgher than that presented by C4Fa. 
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Table 1 





ER(nm/min) 


SR 


AR 


CDL 


C4F8 


70-800 


8-9 


5-7 




HFA 


1000 or more 


5-6 


7 or more 




HFPO 


900-1000 


5-6 


7 or mae 


0 
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Claims 

1 Aprocessgastobeturnedintoplasma.wrtchisusedforetcNngatargetlayerc^^^^ 

S me^od. said process gas including an etching gas represented by a structural formula as follows. 

F F 



F - 



F 
I 

C 
I 

F 



C - C 
\ / 
0 



- F 
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2. A plasma etching method comprising the steps of: 

loading a substrate QN) having a first layer in a process chamber (3); 
30 feeding a process gas into said process chamber : 

turning said process gas into plasma by causing electric discharge: and 
etching said first layer, using said plasma; 

charaterized in that said first layer comprises silicon oxide, and said process gas includes an etching gas 
35 represented by a structural formula as follows: 

F F F 
F-C-C-C-F 
> 

40 F 0 



45 3 -me method accoixling to claim 2. charaterized in that said process gas further comprises a carrier gas consisting 
^ZXoi an inactle gas. and a volume ratio of said carrier gas to said etch.ng gas falls m a range of from 1 0 
to 30. 

4. -me method aceo«ling to claim 3. charaterized in thai said carrier gas is selected trom a group consisting of Ar and 

SO He. 

5. method according to claim 3, charaterized in that said volume ratio of said carrier gas to said etching gas falls 
In a range of from 17.5 to 20. 

55 6 The method according to claim 2. charaterized in that said process chamber (3) is set at a pr^sure of from 10 
mTrfl^m^rrdu^ring said step of t^^^^^^ 

7 -me method according to daim 2. charaterized in that said substrate (W) further has a second layer consisting 
I^seSy of^l^t^ from a group consisting of SiN. Si, T.N. W. WS. TlSi. and photoresist, and saK. 
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method is ooerated such that said first layer is etched In preference to said second layer, and a density ratio of C2F4 
arS^ X* g^^^^ upon dissociation of said etching gas. is controlled, using a discharge dura^on of 
e^hpartl^T^^d^o^^ga^^^ 
ond layer. 

The method according to claim 7, charaterized in that said discharge duration is selected to have a value so as to 
I^t a d^^^^^ of WCF3 to be not less than 1 , and to have a small value wHh a large set v^ue of sad etch.ng 
selection ratio so as to increase said density ratio. 

The method according to daim 7. charaterized In that an RF power for causing said electric discharge Is continu- 
IllslyCp^^ a^J^W discharge duration is defined as a re^dence time of each pari of sarf process gas m sa.d 
process chamber (3). 

1 0 The method according to daim 7, charaterized In that an RF power for causing sakj electric discharge is appHed m 
pulsS^.^ said discharge duration is defined as a sum of pulse widths w,lh.n a residence time of each part of 
said process gas In said process chamber (3). 

1 1 A process gas to be turned Into plasma which is used for etching a target layer comprising silicon o)a^de in a plasma 
S rn^od, s^d process g^ induding an etching gas represented by a structural formula as follows. 

F F 
1 I 
F-C-C-C-F 
I II I 
F O F 
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12- A plasma etching method comprising the steps of: 

loading a substrate (W) having a firet layer In a process chamber (3); 
feeding a process gas into said process chamber; 
turning said process gas into plasma by causing electric discharge: and 
etching said first layer, using said plasma; 

charaterized in that said first layer comprises silicon oxide, and said process gas Includes an etching gas 
represented by a structural formula as follows; 

F F 

F-C-C-C-F 
I II I 
F O F 



45 



50 



13 The method acconJing to daim 1 2. charaterized in that said process gas further comprise a carrier gas <=°<^^9 
SSTof^ inaXe gas, and a volume ratio of said carrier gas to said etching gas tells in a range of from 10 
to 30. 

. 14. The method according to daim 13. charaterized m that said carrier gas is selected from a group consisting of Ar 
and Ha. 

IS. The method according to daim 13. charaterized in that said volume ratio of said carrier gas to said etching gas falls 
55 in a range of from 1 7.5 to 20. 

16 TTie method according to daim 12, charaterized in that said process chamber (3)is set f^^^^^^^J"^ '° 
mTorr to 100 mTorr during said step of turning said process gas into plasma by causing electnc disd^rge. 
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selection ratio so as to increase said density ratio, 
process chamber (3). 

of said process gas in said process chamber (3). 
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